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Abstract 
Para-occupational exposure has been reported in the 
literature with increase in the risk of ill health among 
spouses, children and family members of workers 
exposed to materials like asbestos, heavy metals and 
pesticides. The family members are exposed to 
workplace agents brought home via the pathway of the 
take-home exposures routes such as on skin, clothes, 
shoes and cars. Hence the purpose of this review is to: 
demonstrate the evidence of take-home exposure 
pathway of chemicals such as pesticides, lead and 
asbestos; discuss sources and factors of take-home 
exposure; and consider methods to reduce the risk of 
take-home exposures.  
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Introduction 
The term ‘take-home exposure’ is also referred to as 
para-occupational exposure. Based on the legal aspect 
take-home is defined as ‘house-hold’, ‘bystander’, 
‘secondary’, ‘second-hand’ which referred to those 
who was never enter the premises or use the material at 
issue but were nonetheless exposed1. The potential for 
workplace hazards to be taken home to workers’ family 
members has become of particular importance due to 
the potential health effects attributed by occupational 
contaminants brought into the home by the workers.  
Evidence from the scientific literature suggests a wide 
range of occupational substances can be transported 
from the workplace to the home environment. These 
include pesticides2-3, asbestos4-5, lead6-8 and beryllium9. 
Rinehart and Yanagisawa10 estimated that 14,000 to 
15,000 underground workers potentially carried home 
lead and tin based on reported previous studies on para-
occupational exposure of lead and tin among electric 
cable splicers. Sterling, Rosenbaum and Weinkam11 
suggested that studies include details on the occupation 
of parents as one factor that could have contributed to 
childhood lung diseases. Evidence of para-occupational 
exposure has motivated the United States (US) 
Congress to pass the “Workers’ Family Protection Act” 
in 1992. This act requires the investigation of the risk 
to family members from hazardous materials brought 
home by workers11.  
Population at risk for take-home exposure 
The population at risk from take-home exposures are 
members of the household where the worker may 
transfer the contaminants from work to their houses. 
This includes houses that function as workplaces. 
Factors such as age, health status, behaviour and 
education may contribute to the susceptibility in 
establishing the adverse health effects among family 
members who are exposed to the take-home 
contaminants compared to the workers themselves12. 
Young children have small body size and rapid 
development that may cause them to be at greater risk 
from occupational contaminants ‘carried home’ by 
their parents from the workplace13. Moreover, they are 
at higher risk for hazard exposure as they generally 
spend more time on floors, hand-to-mouth activity 
behaviours and their gastrointestinal efficiency of 
contaminant absorption exceeds that of adults14-15.
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Women may be at particular risk due to the tendency for them to carry out a greater proportion of 
housework including laundry and cleaning tasks. For example, wives of beryllium-exposed workers shook off 
their husbands’ clothes covered with gray-black beryllium soot before washing and were exposed to inhaled 
beryllium at home (as cited by Sanderson et al.9). This behaviour also suggested both workers and their wives 
were not aware of the risk of take-home beryllium contamination. 
Evidence of take-home exposure 
There have not been any comprehensive studies conducted measuring the take-home phenomenon of substances 
except a study on lead in the US15-16 and flour allergens in Scotland17. Most studies have lacked any quantitative 
exposure assessment and have tended to only investigate the health effects of living with a worker from a 
particular industry4-5, 18-19. Some have used qualitative exposure assessment20-21 while others have established 
the pathways of take-home exposure but health outcomes were not investigated7, 22. Several studies have lacked 
comparisons between exposed and non-exposed subjects4, 8, 19, and others did not measure objectively the 
mechanisms of contamination transfer from work to home5, 23  and some did not present the measurement levels 
of contaminants among the exposed workers for establishing such substance sourced from the workplace7. 
Nonetheless, although it would also be prudent if the potential pathway of the take-home exposure was 
investigated objectively, these studies were able to suggest that the take-home pathway of exposure does exist.  
1. Pesticides
Vida and Moretto24 in their critical review concerning pesticides suggested that the existence of a take-
home pathway for pesticides contributed to increased indoor home pesticide contamination and potential 
exposure to children. The take-home exposure pathway of pesticides was significantly associated with the 
agricultural tasks of parents2, 25-26. For example, pesticide metabolites in the urine of children whose parents 
worked in pear orchards were higher than children whose parents worked on berries or cherries27 and pesticide 
levels in house dust from handlers’ homes was higher than levels from tree fruit thinners’ homes25. Pesticide 
handlers have the greatest risk for direct exposure to pesticides at times where pesticides are most highly toxic. 
It has been shown children of agricultural workers have higher exposures than children of non-agricultural 
workers28, there was correlation between pesticide metabolite levels of adults and children in the same 
household29 and between pesticides home and vehicle dust levels with both workers’ and children’s urine 
metabolites2. A study of Thai farmers suggested exposure to pesticides among their families during the spraying 
season occurs mainly through contamination of home environment and direct transfer from the farmer to 
family members. However no correlation was found between farmers’ urinary metabolite levels and those of 
their spouses or children30 although this might be due to the small sample size.      
2. Asbestos
Studies on health effects of family members of asbestos workers such as asbestosis, mesothelioma, pleural 
plaques and cancer have been reported4-5, 19, 31-35. Twenty percent of mesothelioma cases were attributed 
to ‘para-occupational’ exposure32 and numerous forms of asbestos fibres were reported to be found in the lung 
of family members of exposed workers35. A large cohort study in Italy among wives of asbestos workers has 
associated household exposures (estimated as period of time the husband had worked with asbestos) with 
increased risk for mesothelioma, but no association with lung cancer4. Sider et al.19 also studied the 
abnormality of chest radiographic images from wives of asbestos workers and related year of first exposure as 
a significant factor of ‘para-occupational’ exposure. The limitations of both these studies were that they failed to 
present the levels of asbestos and the comparison was made within the population4, 19. Kilburn and 
colleagues5 studied radiologic prevalence of asbestosis among wives, sons and daughters (without occupational 
exposures) of asbestos workers and found the presence of radiologic abnormalities was higher compared with 
two groups of non-exposed controls. They suggested that asbestos fibres were carried home although the 
pathway mechanism was not described.  
3. Lead
The meta-analysis of Roscoe et al.36 suggested that children of lead-exposed workers have a high risk of 
developing elevated blood lead levels. They further estimated that out of 1,378,060 men and women in the US 
who were exposed to inorganic lead at work, about 723,500 worked in industries with potential for take-home 
lead exposure, with two-thirds of these being at significant risk of take-home exposure36.  
Whelan et al. (1997) found that children of lead-exposed construction workers were six times more likely to have 
an elevated blood lead level with higher levels of lead dust in their homes compared to non-exposed children15. 
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The correlation between blood lead level and environmental lead dust among lead-exposed construction 
workers’ children indicated the importance of the take-home phenomenon. A companion article filled the 
knowledge gaps by measuring the lead dust levels on hands, cars and homes and demonstrated a plausible 
occupational pathway of lead contamination from workers’ hands, clothing and shoes, into their cars, and then 
into their homes with high correlation between their children’ blood lead levels and dust lead levels at home. 
However it was limited in representativeness because only workers with high blood lead levels were recruited16.  
A study in Thailand found that the lead levels in wipe samples were significantly higher in homes of boat-
caulkers compared with non-exposed controls’ homes with matched distance to the boat-yard7. Virji and 
colleagues8 showed lead contamination on worker’s skin on departure from work following clean-up, 
respirators, the decontamination unit and their private cars indicating significant potential for take-home lead 
exposure.  
Sources of take-home contaminations and its pathway  
Previous studies have shown similar pattern of the pathway on how the contaminants were transmitted from 
workplace to home environment. Jones and Burstyn37 in their review postulated the conceptual model of take-
home exposures based on the conceptual models of occupational dermal38 and inhalation exposure39. This model 
includes three broad pathways: external contamination; internal dose; and behaviour change. Contaminants from 
workplace could be in the form of chemical, physical or biological which then would contaminate workers 
externally or internally via dermal, inhalation or ingestion exposure. External contamination occurs when a worker 
is in direct contact with contaminants such as shoes, clothes and tools. External contamination would lead to 
environmental contamination once a worker leaves his workplace with contaminated items. Zirschy40 has 
previously provided a comprehensive mathematical description of the external contamination. Finally, workers 
could get internally exposed when hazardous substances enter their bodies which would lead to health effects. 
Workers inadvertently carry home work contaminants on their skin17, clothes9, 41, shoes17, 28, hair22, work tools 
and vehicles16; leading to exposure of their family members with contamination from workplaces. Figure 1 shows 
the potential routes of take-home exposure pathway. 
Figure 1: Possible pathway of take-home exposure. (1): Vehicles of the workers exposed to the contaminations from 
the workplaces brought into cars via clothes and shoes. (2): The workers who are exposed at the workplace act as the 
vector or primary source of the take-home contaminants via skin, clothes and shoes, as well as bring home work tools. 
(2a): The workers played with their children once arrived home from workplace, without changing the work clothes or 
washing. (2b): The dust or contamination then deposits on the floor making crawling infants are at higher risk since they 
spend most of the time playing and crawling on the floor. They also exhibit frequent hand-to-mouth activities increasing 
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the potential of exposure. (2c): Other household members may wash the work clothes of the worker and soare at high 
risk of take-home exposure from the contaminated clothes and if the contaminated work clothes are laundered together 
with clothes of family members then there may be cross-contamination.  
Source of pictures: Google.com 
1. Workers’ skin
Workers’ skin is likely to play an important role in the take-home contamination route. Many studies report 
contamination on workers’ hands, forearm, forehead and feet. Skin contamination often occurs among those who 
are non-compliant with respect to hygiene practices such as hand washing and showering before leaving the 
workplace or those who do not immediately shower on arrival at home. For example, workers had lower levels of 
end of shift skin lead levels when practiced washing hands and showering at the end of the shift and work at sites 
with good decontamination and hand wash facilities8. It has also been demonstrated that children of farmers who 
washed at home have 22-fold (95% CI 2 to 337; p~0.04) higher pesticide metabolite levels than children of farmers 
who washed at work before going home30. 
Contaminations from workers’ skin may have been transferred to the vehicles9 and house floor7, 13. Sanderson et 
al.9 found significant correlation of beryllium concentrations between end of shift hands wipe samples and car 
steering wheel and driver’s armrest. In contrast to Virji and colleagues8, no significant correlation was found 
between hand wipes and the car steering wheel and only moderate correlations with car seat wipe lead samples. 
Elevated hand and foot lead loading levels were also found in the family members of lead-exposed workers when 
compared to controls, with lower correlation between foot lead loadings and the house floor lead loadings and 
dust lead content. In contrast, hand and foot lead loadings of controls were moderately correlated with floor lead 
loadings7. This might be due to more time spent at home among family members of controls compared to exposed 
workers. 
2. Contaminated hair
Although evidence to support the hypothesis that workplace contamination captured via hair is carried home is 
scarce, measurements of allergens in workers’ homes potentially being carried from work via this route has been 
reported22. Although this study did not measure the allergen contamination of hair directly, Krop and colleagues22 
were able to demonstrate human hair as one of the main pathway routes with high amount of allergens found on 
laboratory animal workers’ hair-covering caps which correlated significantly with their personal airborne-dust 
measurements.  
Transfer of allergens in environmental settings has been reported by measurement of cat allergen utilising hair 
washing42 and hair vacuuming43 and vacuuming of hair dust sample collecting dust mites44. These show that hair 
can be a source of animal allergen transportation to the allergen-free environment. 
3. Contaminated clothes and shoes
There is a lack of studies that present additional direct measurements of contamination on clothes. Previous studies 
as reviewed have indicated indirect evidence that substances can be carried home via contaminated clothing and 
shoes. Alternatively, the information regarding handling of work or street clothes worn at work and the laundering 
of contaminated clothes at home were gathered by questionnaire.  It is suggested that clothing is the potential 
source of contamination in the homes of exposed workers based on the findings that there was significant 
substance contamination levels in rooms where contaminated clothing from work were changed compared to 
rooms where similar activity takes place in non-exposed workers homes, although no measurements of clothing 
were taken16, 23.  
More evidence to suggest that clothing is a potential source of contamination is from elevated contamination 
levels in children whose parents wore contaminated clothing at home. For example, one case series reported 
elevated lead levels in children whose fathers were occupationally exposed to lead and who reportedly brought 
home their work clothes45-46. In addition to that, Vissers, Doekes and Heederik23 found that there is transportation 
of contaminants from the bakery to the homes of bakers via their shoes especially among those who wore shoes 
in the house. Lu et al.28 found that wipe samples taken from parents’ work boots showed the highest frequency of 
take-home pesticides. However, they were unable to find an association between hygiene practices such as using 
doormats, removal of work shoes and work clothes before entering the home, separating work clothes for 
laundering and frequent home vacuuming with pesticide levels at home and pesticide metabolites in children.   
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4. Taking items home from work
Besides taking home contaminated items from work such as clothes and shoes as reported in the studies 
discussed earlier, workers may take their work tools and equipment with them, or transport them in vehicles12 or 
take home items from work for their own use29, 47. For example, an asbestos worker took home cotton cloth 
sacks that had been used to transport moulded insulation, to make diapers (nappies) for his children. The 
oldest child died of mesothelioma at age 32 years while the mother who had laundered the diapers and her 
husband's work clothes died of mesothelioma at age 4947. It is also possible for farm workers to take pesticides 
from the workplace for residential use29. In a similar way is also possible that bakery workers who work on 
their own in small craft bakeries may use their own private cars for delivery or use their delivery vehicle for 
private use and transport of family members.  
5. Contaminated vehicles
Vehicles can serve as both “reservoir” and “vector” (terms used to describe the potential of vehicles to function 
as a location where the hazardous material is stored and exposure takes place, or can be the means by which the 
material is transported from one place to another) for substances to be taken home, as well as a micro-
environment for agents’ exposure because this small compartment of environment is accessible by all 
family members. Previous studies have found high contamination levels of substance16 or highest vehicle 
levels on the drivers’ floor9 among exposed workers compared to non-exposed indicating that 
workers carrying workplace contaminants on hands, shoes and clothing. Significant correlation was found 
between home and vehicle dust concentration2, 29 and association between vehicle concentration and the 
workers’ and children’ urine metabolite levels2. Bernier et al.48 reported six cases of take-home lead 
contamination among children of lead-exposed workers with positive child seat contamination. However, 
Sanderson et al.9 found no detectable beryllium on three child seats in the cars although they reported the 
highest beryllium vehicle levels was on the drivers’ floor. 
6. Workplace visit by family members
Workplace visits by family members can also contribute to the take-home contamination of substances. Although 
this deviates from the concept of parents taking home contamination it is relevant for para-occupational exposure. 
For example, in the case that children can develop baker’s asthma upon exposure to flour, there is a report of a 
two-year old exposed when visiting his grandfather’s bakery49. While visiting parents’ workplace, three of five 
children who showed specific IgE antibodies to laboratory animal allergens complained of rhinitis and cough18. 
7. Occupational choices and hobbies
The familial aggregation of occupational choice of the children’ by parental occupation is another important issue 
to consider. Children who follow their parents’ occupation might actually be sensitised before they start work 
(with respect to respiratory sensitisers). For example, the possibility that parents who work with animals may be 
more likely to have pets at home might also increase the risk of exposure ‘outside of work’ to respiratory 
sensitisers among their family members. Another factor to consider is hobby-related exposure. Bakers and car 
painters with high interest in their job may have a high tendency to do similar work at home; by supplying home-
made baking to friends and relatives or having their own garage to work on after work hours. There is also the 
possibility that such hobbies would involve their family members or children. This may also increase the risk of 
exposure to similar hazards that the worker encounters in the workplace. 
Prevention and control of take-home exposure 
Whilst take-home exposure of workplace hazardous material continues to occur, an improved control strategy and 
hygiene practices that work best in preventing the transport of contaminants from workplace to homes should be 
identified. Some examples are as tabulated in Table 1. 
Educational intervention programs to prevent home contamination should be developed for employers, workers, 
children, teachers, parents, physicians and other health professionals. For example, hygienists could go to 
workplaces and measure take-home contamination on staff leaving worksites for the purpose of showing whether 
the current decontamination procedures are effective in preventing the take-home pathway of contaminants. 
Employers should make available written policy and control measures, and enforce these policies. Physicians 
should also be aware of para-occupational exposure and include questions on parental or spouse occupation when 
taking a medical history.  
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Table 1. Suggestion of prevention and control in reducing the take-home exposure of workplace hazards. 
Bil. Description of controls 
1. reducing exposures in the workplace 
2. floor and work surfaces should be ‘wet’ cleaned 
regularly and dry dusting and brushing should be 
avoided 
3. decontamination of agents from skin using suitable and 
efficient washing methods 
4. showering before leaving the workplace 
5. showering immediately on returning home if it is not 
possible to do it at workplace 
6. changing work clothes (and work shoes) before going 
home 
7. leaving the contaminated clothes (and shoes) at work to 
be laundered by the employers 
8. contaminated clothes (or work shoes) or disposable 
coveralls (or overshoes) should be cleaned or disposed 
accordingly 
9. storing street clothes (or street shoes) in separate areas 
at the workplace to prevent their contamination 
10. laundering separately from family laundry if it is 
necessary to launder the contaminated clothes at home 
11. prohibiting taking contaminated items home 
12. separating work areas from living areas 
13. separating work vehicles from personal cars 
14. ensuring the vehicles used for travel to work are cleaned 
regularly 
Conclusion 
This review has examined evidence of take-home contamination and provided an insight into the potential 
pathway of take-home exposure at workplaces. It is possible that this pathway of exposure may lead to an increase 
in the risk of health effects among family members of exposed workers. This review indicates that the majority of 
studies lack objective measurements of contamination in relation to sources of dermal exposure and how this 
contributes to the take-home pathway (e.g., on skin, clothing, hair, footwear, cars, and others). However some 
previous research has described methods of quantitatively investigating the take-home pathway of respiratory 
sensitisers in the United Kingdom (UK)17 and there is a need for standard protocols for similar investigations for 
pesticides and metals.  
There is a lack of information on factors attributing to the transportation of materials from work to home; with 
very few studies attempting to look at potential variables contributing to the take-home pathway. Despite the 
potential for increased risk of certain health effects from para-occupational exposures, the majority of studies 
provide limited data on assessment of levels of take-home of other contaminants such as organic dust. Risks of 
take-home exposures and some of the factors should be scrutinised and studied further. Further work is also 
required to determine the effectiveness of hygiene practices at work/home in controlling the take-home exposure 
pathway. 
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